1. Introduction
===============

Lymph node metastasis is one of the most important prognostic indicators in non-small cell lung cancer (NSCLC) patients who underwent surgery treatment.^\[[@R1]--[@R3]\]^ The eighth edition of the TNM classification for Lung Cancer has been introduced. The T, M, and N factors, as well as TNM staging have been considerably improved relative to those found in the 7th edition of TNM classification.^\[[@R4]\]^ Studies indicate that NSCLC patients with N1 and N2 nodal involvement consist of subgroups exhibiting heterogeneity with respect to prognosis.^\[[@R5],[@R6]\]^ In the recent edition, the N factor has added the concept of skip metastasis to mediastinal lymph node in order to subdivide N1 and N2, whereas in the 7th edition, the definition of "mediastinal lymph node" was limited to the anatomic location of metastatic lymph nodes (MNs). Some lymph nodes factors which are useful in the assessment of patient prognosis merit attention. The number of MNs has been demonstrated to be a more powerful prognostic indicator than their location (pN), and is included in the nodal classification in the TNM classification system for perihilar cholangiocarcinoma, breast cancer, gastric cancer, and colorectal cancer.^\[[@R7],[@R8]\]^ Various reports indicated that the number of MNs was an independent prognostic factor in operable lung cancer.^\[[@R9]--[@R12]\]^ In addition to the number of lymph node metastasis, the number of resected lymph nodes (RNs) is an important predictor of overall survival (OS) after curative resection.^\[[@R11],[@R13],[@R14]\]^ A recent study suggested that the ratio between MNs and total number of lymph nodes (lymph node ratio, LNR), which reflects the degree of lymph node metastasis was a better predictor than MN and pN.^\[[@R15]\]^ Owing to variations in patient population and focus of interest, RN, LNR, MN, and pN factors exhibited different predictive efficiencies in operable NSCLC in various reports.

The involvement of the lymph node factors such as LNR, MN, and RN in current lymph node staging could help clinicians with high-accuracy lymph node staging and precise discrimination of the heterogeneous subgroups of pN1 and pN2. The present study aimed to explore whether the lymph node factors were associated with the prognosis of NSCLC patients who underwent radical resected operation and the degree of correlation of these factors with patient survival. The predictive value of pN as a prognostic factor was also compared with those of RN, MN, and LNR categories.

2. Patients and methods
=======================

2.1. Patients
-------------

The study was approved by the Research Ethics Committee of Provincial Hospital Affiliated to Shandong University, Shandong University, China. Informed written consent for the use of their clinical data was obtained from the patients at the time of surgery.

We retrospectively reviewed our clinical cancer biobank database (Department of Thoracic Surgery of Provincial Hospital Affiliated to Shandong University, Jinan, China). The intrusion criteria are as follows:

1.  The diagnosis time ranging from January 2009 to December 2015.

2.  NSCLC patients.

3.  operable cases with lobectomy.

The exclusion criteria included:

1.  patients refuse operation or subsequent treatment.

2.  cases "lost to follow-up".

3.  patients who refused to cooperate.

We finally identified 1019 patients with NSCLC who had undergone same pulmonary resection (lobectomy). All patients had undergone routine preoperative evaluations to exclude contraindications, including computed tomography (CT) scan of the thorax, abdomen ultrasonography, brain CT, or magnetic resonance imaging and whole-body bone scintigraphy.

2.2. Data acquisition
---------------------

We investigated the clinical profiles of the patients, including their medical records, laboratory results, and pathology reports. Demographics and hematologic counts were measured before the surgery. Histopathological findings were classified in accordance with the World Health Organization, and pathological stages of the disease were described in accordance with the Union for International Cancer Control eighth TNM staging system for NSCLC.

2.3. Follow-up strategy and statistical analysis
------------------------------------------------

Patients were evaluated every 3 months by CT scan of the thorax and abdomen ultrasonography for the first 2 years after surgery and annually thereafter. Survival time was calculated from the day of surgery to the last checkup or death by any cause. Nominal data were analyzed using Crosstabs and the Fisher exact test. Martingale residual plots (MRP) analysis of the Cox model was conducted to check the functional form of investigational variables. Cut-offs allowed transforming continuous variables into categorical variables. We evaluated the predictive capacity of the categories by considering measures of discrimination. Discrimination refers to the ability to distinguish between different risk groups of patients. In this study, discrimination was quantified using the Akaike information criterion (AIC), Bayesian information criterion (BIC), Harrell C index, and the area under the curve (AUC). The Cox proportional hazards model was used to identify relevant variables affecting survival. Median values are shown with a 95% confidence interval. Survival curves were generated using the Kaplan--Meier method and compared using the log-rank test. Statistical analysis was performed with SPSS 24.0 (SPSS Inc, Chicago, IL). Significance was set at *P* *\<* .05.

3. Results
==========

3.1. Patient characteristics
----------------------------

Patient characteristics are listed in Table [1](#T1){ref-type="table"}.

###### 

Clinical characteristics of all 1019 NSCLC patients.
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Approximately 70.0% of the patients were male (713 of 1019 individuals). The mean age was 59.07 ± 9.76 years (range: 21--84 years). Lobectomy was performed in all patients. In the recruited cases, 331 were identified as squamous cell carcinomas (SCCs), 529 as adenocarcinomas (ADCs), and 159 as other types of lung cancer, including large cell carcinoma, adenosquamous cell carcinoma, and carcinoid. Exactly 712 patients received 2 to 6 cycles of postoperative adjuvant platinum-based chemotherapy. The median follow-up duration was 47 months (range: 3--96 months). During this period, cancer recurrence in 353 patients was reported, and the recurrence sites were mostly locoregional sites, brain, adrenal gland, and liver, among others. A total of 337 patients died from cancer or intercurrent diseases.

All patients underwent mediastinal lymph node dissection. A total of 15,897 resected nodes (RNs) were removed at an average of 15.60 ± 8.80 nodes per patient. Total metastatic nodes (MNs) were 2245 and at an average of 2.20 ± 4.36 nodes per patient. The mean total negative nodes (NNs) were 13.40 ± 8.25, and the mean lymph nodes ratio (LNR) was 0.132 ± 0.213. The distribution and relationships among the MNs, NNs, and RNs are presented in Figure [1](#F1){ref-type="fig"}.
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In accordance with the Martingale residuals of the Cox model, the cut-off values of RN and NN were determined as 9 and 8, respectively. The best cut-off values discriminated MN as 0, 1, and ≥2. The optimal cut-off values of LNR were also determined as 0 and 0.07.

3.2. Univariate and multivariate analyses
-----------------------------------------

The risk factors for disease-free survival (DFS) or overall survival (OS) were analyzed using the univariate Cox regression hazard model (Table [2](#T2){ref-type="table"}). As categorical variables, age, gender, smoking status, postoperative chemotherapy, pT stage, pN stage as well as NN, MN, and LNR were correlated with patient DFS (*P* = .000, .024, .000, .000, .000, .000, and .000, .000, and .000, respectively). Age, female gender, smoking status, postoperative chemotherapy, low pT stage, low pN stage, as well as low NN, MN, and LNR (*P* = .000, .001, .018, .000, .000, .000, and .000, .000, .000, respectively) were favorable predictors for OS. However, RN exhibited no correlation with either patient DFS or OS.

###### 

Univariate proportional hazards (Cox) regression analyses according to DFS and OS.
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All factors which were statistically significant evaluated in the univariate analyses were included in multivariate analyses (Table [3](#T3){ref-type="table"}). Multivariate Cox regression analysis according to DFS revealed that age, smoke status, chemotherapy, pT stage, NN, and pN category were significant independent prognostic factors. Age, smoke status, tMN, pT stage, NN, and pN category were determined as the independent predictive factors for OS.

###### 

Multivariate proportional hazards (Cox) regression analyses according to DFS and OS.
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3.3. Proposal of a new N category in lymph node staging of lung cancer
----------------------------------------------------------------------

Considering the powerful and independent predictive abilities of both pN and NN categories in multivariate analysis, we divided the patients into 6 new groups: pN0, NN≥8 (n = 439), pN0, NN\<8 (n = 130), pN1, NN≥8 (n = 158), pN1, NN\<8 (n = 59), pN2, NN≥8 (n = 153), and pN2, NN\<8 (n = 80). The survival curves of the 6 new N categories in accordance with DFS and OS (*P* = .000 and .000, respectively) are shown in Figure [2](#F2){ref-type="fig"}. The new N category exhibited the strong ability to separate OS and DFS in operable lung cancer.

![Comparison of Kaplan--Meier curves for different new N category groups for disease-free survival (a) and overall survival (b) of the subgroup with radically resected non-small cell lung cancer (NSCLC).](medi-98-e15645-g005){#F2}

The pN category and the new N category were linearly related; thus, we entered the new N categories into multivariate analysis individually without the pN category (Table [4](#T4){ref-type="table"}). We then compared the hazard ratios of the pN category and the new N category in accordance with the patient OS. The hazard ratios were 2.301 for pN1, 3.751 for pN2 compared to the pN0 subset, and 1.385, 2.380, 2.830, 3.564, 5.235 for the elevated new N category relative to the new N category group 1 (pN0, NN≥8). These findings suggest that the new N category could more efficiently distinguish the different prognostic groups.

###### 

Multivariate proportional hazards (Cox) regression analyses according to DFS and OS.
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3.4. Comparison of predictive values among various lymph node factors
---------------------------------------------------------------------

We determined the AIC, BIC, and AUC of each lymph node factor, which could evaluate the predictive capacity of the categories. The AIC and BIC were calculated by logistic regression according to the survival status of patients after the follow-up. The Harell C index and AUC values were calculated using the Cox model and receiver operating characteristic curves. All values are listed in Table [5](#T5){ref-type="table"}. The new N category had the smallest AIC (107.206), and also held the largest Harell C index and AUC (0.673 and 0.687, respectively) compared with those of the other lymph node factors and pN category in the eighth edition. The new N category had a BIC value only larger than the eighth pN category. AIC is the prior index to evaluate the goodness of fit of the model, considering the large number of samples. In addition, the pN, MN, and LNR categories had similar values for the aforementioned factors, indicating that MN and LNR had equal predictive values, which were not superior to those of the pN category. The receiver operating characteristic curves of the lymph node factors are presented in Figure [3](#F3){ref-type="fig"}. On the basis of the aforementioned results, the new N category exhibited the strongest predictive ability, compared with the other lymph node factors.

###### 

Compare AIC, BIC, Harrell\'s C index, and ROC among different lymph node categories.
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![Receiver operating characteristics curve of the eighth N category, pN, MN, LNR, NN, and new N category for predicting survival of non-small cell lung cancer (NSCLC) patients with radical resection.](medi-98-e15645-g008){#F3}

4. Comment
==========

Precise tumor staging plays a crucial role in the management of NSCLC patients, including the selection of patients for adjuvant therapy and predicting patient prognosis. The TNM staging system was widely adopted to provide high specificity for discriminating different groups of patient prognosis. Lymph node metastasis was considered one of the most important predictors for survival. Significant changes in the T, N, and M descriptors were introduced in the eighth edition of the TNM staging system for NSCLC.^\[[@R4]\]^ However, some lymph node factors, such as MNs or RNs, were ignored.

Various reports have recently shown that the number of MN classified into several categories was significantly associated with the OS and DFS of the patient, as well as the anatomical location-based pN category for operable NSCLC.^\[[@R9]--[@R12]\]^ Hisashi Saji et al^\[[@R12]\]^ determined the number of MNs in resected NSCLC and observed a clear tendency toward the deterioration of OS from nN0 to nN4- in the same pT category. Multivariate analysis indicated that not only the pN status but the nN status as well was a major independent prognostic factor for both OS and DFS. These results showed that both pN and nN categories exhibited powerful discriminative abilities with respect to the prognosis of NSCLC. Another study demonstrated that the nN category was a better prognostic determinant than the location-based pN stage classification.^\[[@R9]\]^ Our results indicated that the MN category classified into 0, 1, and \>1 groups had equal rather than superior values to that of the pN category.

Subsequently, we demonstrated that LNR was positively associated with the OS and DFS of patients with NSCLC. LNR could provide statistical results with increased precision by providing comprehensive information on nodal metastasis and immune conditions against the malignant disease.^\[[@R15]\]^ Several studies showed that LNR was an independent predictor of survival in patients with operable NSCLC, particularly in patients with pathologic N1 NSCLC.^\[[@R16]\]^ Meanwhile, a high LNR is associated with poor survival in patients with resected, node-positive NSCLC.^\[[@R17]\]^ Similar to the MN category, LNR also exhibited an equal rather than superior efficiency in discriminating different prognostic groups of NSCLC patients. In multivariate analysis, only the pN category was the independent prognostic factor for OS and DFS; neither the MN category nor the LNR category was regarded as an independent prognostic factor, indicating that they were linearly correlated with the pN category and were eliminated during Cox regression because of their linear correlations. In multivariate Cox analysis which adopted " forward: LR", some factors will be excluded because of the liner correction with others.

Further, we demonstrated that the number of NNs was significantly correlated with the OS and DFS of the patients. In multivariate analysis, the NN category, together with the pN category, was a significant independent predictor for patient survival. The immune condition against the malignant disease and micro-metastasis from the primary tumor could be responsible for the ability of NN to affect survival. A new lymph node staging classification system was then generated in accordance with the pN and NN categories. We classified the patients into 6 categories combining the pN and NN statuses, as follows: pN0-NN≥8, pN0-NN\<8, pN1-NN≥8, pN1-NN\<8, pN2-NN≥8, and pN2-NN\<8. The OS and DFS survival curves of each new N category were well distributed and proportional. For each pT category, a clear tendency toward the deterioration of OS from the 6 new N categories was observed (data not shown). Multivariate Cox regression analysis indicated that the hazard ratios of the new N categories were more representative of the patient prognosis than that of the pN categories. The AIC was the smallest, whereas Harell C was the largest for the new N category. Comparison of ROCs among these lymph node factors also showed that the new N category was a more valuable prognostic factor than relatively prognostic factors in operable NSCLC. Furthermore, the comparison between the ROC curves of the new N category and pN category in the eighth edition showed that both of them had equal ability for evaluating NSCLC patients' prognosis (*P* = .2278, data from MedCalc).

The anatomically based pN category showed several unsatisfactory facets. Heterogeneities existed in each pN0, pN1 and pN2 subgroup with regard to patient prognosis. Thus, various reclassification methods were proposed. The number of RN was involved in dividing patients with pN0 NSCLC into different prognostic subgroups.^\[[@R18]--[@R20]\]^ In patients with pN1 disease, the LNR category was recommended for further classification.^\[[@R16],[@R21]\]^ With regard to pN2 disease, a broad spectrum of prognosis could be observed. Lymph node stations, zones, and chains, as well as MN and LNR, were indicated in further grouping.^\[[@R22],[@R23]\]^ In general, Hisashi Saji et al^\[[@R12]\]^ proposed the combination of the total number and anatomical location of involved lymph nodes for nodal classification in NSCLC and ultimately classified the patients into 4 categories: pN0-nN0, pN1-nN1-3, pN1-nN4- plus pN2-nN1-3, and pN2-nN4-. There were significant tendencies to vary between the new N1 and new N2a as well as between the new N2a and new N2b categories in accordance with the OS survival curves of the new classification. Our results identified 6 groups of patients with different prognoses, indicating that our classification method could provide more information than that provided by Hisashi Saji et al.

However, the current study includes certain limitations, one of which is that the analysis was a retrospective single-center study. In addition, this study included both traditional open surgery and video-assisted thoracoscopic surgery, which may vary in lymph node dissection. Finally, our prognostic model requires further validation.
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